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School of Microbiology, University College Cork, Cork, Irelanda; APC Microbiome Institute, University College
Cork, Cork, Irelandb; Laboratory of Probiogenomics, Department of Chemistry, Life Sciences and
Environmental Sustainability, University of Parma, Parma, Italyc
ABSTRACT Phages infecting Serratia marcescens, a common causative agent of nos-
ocomial infections, have potential therapeutic applications. Here, we report the com-
plete genome of the novel S. marcescens phage BF, representing the third-largest
phage genome sequenced to date.
Serratia marcescens is a Gram-negative, rod-shaped bacterium belonging to thefamily Enterobacteriaceae (1). Isolation of phages infecting this species may be
applied to control nosocomial infections of S. marcescens (2). To date, the genomes of
just two phages, myovirus  (NC_021563) and PS2 (NC_024121; unknown morphology),
infecting S. marcescens are available from the NCBI viral genome database (https://
www.ncbi.nlm.nih.gov/genomes).
Environmental sample screening led to the isolation of S. marcescens UCC2017,
veriﬁed by 16S rRNA sequencing, from composted grass. Five grams of fresh compost
were diluted in 50 mL of one-quarter-strength Ringer’s solution and ﬁltered through a
0.45-m membrane. This ﬁltrate was then assessed for phages infecting S. marcescens
UCC2017 using the double-layer spot assay method (3), in which a zone of clearing
indicates phage lysis. Despite repeated attempts, the isolated phage (hereafter named
BF) was unable to produce plaques. Therefore, BF propagation was achieved by picking
the zone of lysis and incubating this with 50 mL of S. marcescens UCC2017 culture for
6 h. Following ﬁltration (0.45 m) and DNase treatment of the lysate, bacteriophage
DNA was isolated employing a phage DNA isolation kit (Norgen Biotek, Canada).
Illumina MiSeq sequencing (mean coverage depth of 21.55-fold) was performed,
followed by genome assembly using MIRA version 4.0.2 through the MEGAnnotator
pipeline (4). Quality of the ﬁnal contig was improved using the Burrows-Wheeler
aligner, the SAMtools suite, and VarScan version 2.2.3. Coding DNA sequence (CDS)
predictions were performed with Prodigal version 2.06. Annotation of predicted CDSs
was performed using BLAST against sequences present in the NCBI database and
HMMER against the Pfam database (http://pfam.xfam.org). Transfer RNA gene predic-
tion was performed with tRNAscan-SE version 1.21.
The BF genome measures 357,154 bp, with a GC content of 35.3% and 549
predicted CDSs. This makes it the third-largest bacteriophage genome sequenced to
date, following Bacillus megaterium phage G (498 kb) and Cronobacter sp. phage GAP32
(358 kb); this allows for the classiﬁcation of BF as a “jumbo” phage (5). Comparative
genome analysis revealed the closest relatives of BF to be Cronobacter sp. phage GAP
32 (6) (436 protein homologues, E-value 0.001) and Pectobacterium sp. phage CBB (7)
(445 protein homologues, E-value 0.001), both “jumbo” members of the family
Myoviridae. Both CBB and GAP32 belong to the Rak2-like group (named after Rak2, a
Klebsiella-infecting phage [8]). Based on the extensive homology between BF and these
Rak2-like members, we propose to assign BF to this phage group.
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The novelty of the BF genome allows functional predictions for 165 of the 549
deduced gene products with no evident modular genome organization. HHPred anal-
ysis predicted small clusters, such as the phage baseplate (BF_0232 to BF_0241), which
encodes two potential receptor-binding proteins (RBPs)—the product of BF_0258,
showing structural similarity to the coliphage T5 RBP, and that of BF_0259, which is
similar to the carbohydrate-binding domains of C. perfringens (9)—suggesting that the
BF receptor is saccharidic in nature. BF also encodes ﬁve putative chromosome con-
densation proteins (BF_0546 to BF_0550), similar to that speciﬁed by just a single copy
in GAP32 (6) and presumably aiding in packaging the large genome into the capsid.
Accession number(s). The BF genome has been deposited in the NCBI/GenBank
database under the accession number KY630187.
ACKNOWLEDGMENTS
D.V.S. is the recipient of a Science Foundation Ireland (SFI) Investigator award (ref.
no. 13/IA/1953). E.C. is funded by the EU Joint Programming Initiative A Healthy Diet for
a Healthy Life (15/JP-HDHL/3280, http://www.healthydietforhealthylife.eu). J.M. is the
recipient of a Starting Investigator Research Grant (SIRG) (ref. no. 15/SIRG/3430) funded
by SFI.
REFERENCES
1. Abbott SL. 2011. Klebsiella, Enterobacter, Citrobacter, Serratia, Plesiomonas,
and other Enterobacteriaceae, p 639–657. In Manual of clinical microbi-
ology, 10th ed. ASM Press, Washington, DC.
2. Matsushita K, Uchiyama J, Kato S-i, Ujihara T, Hoshiba H, Sugihara S,
Muraoka A, Wakiguchi H, Matsuzaki S. 2009. Morphological and genetic
analysis of three bacteriophages of Serratia marcescens isolated from
environmental water. FEMS Microbiol Lett 291:201–208. https://doi.org/
10.1111/j.1574-6968.2008.01455.x.
3. Petty NK, Foulds IJ, Pradel E, Ewbank JJ, Salmond GP. 2006. A generalized
transducing phage (phiIF3) for the genomically sequenced Serratia marc-
escens strain Db11: a tool for functional genomics of an opportunistic
human pathogen. Microbiology 152:1701–1708. https://doi.org/10.1099/
mic.0.28712-0.
4. Lugli GA, Milani C, Mancabelli L, van Sinderen D, Ventura M. 2016.
MEGAnnotator: a user-friendly pipeline for microbial genomes assembly
and annotation. FEMS Microbiol Lett 363:fnw049. https://doi.org/10.1093/
femsle/fnw049.
5. Hendrix RW. 2009. Jumbo bacteriophages, p 229–240. In Lesser known
large dsDNA viruses. Springer, Berlin.
6. Abbasifar R, Grifﬁths MW, Sabour PM, Ackermann HW, Vandersteegen K,
Lavigne R, Noben JP, Alanis Villa A, Abbasifar A, Nash JH, Kropinski AM.
2014. Supersize me: Cronobacter sakazakii phage GAP32. Virology
460–461:138–146. https://doi.org/10.1016/j.virol.2014.05.003.
7. Buttimer C, Hendrix H, Oliveira H, Casey A, Neve H, McAuliffe O, Ross RP,
Hill C, Noben JP, O’Mahony J, Lavigne R, Coffey A. 2017. Things are
getting hairy: enterobacteria bacteriophage vB_PcaM_CBB. Front Micro-
biol 8:44. https://doi.org/10.3389/fmicb.2017.00044.
8. Šimoliunas E, Kaliniene L, Truncaite˙ L, Zajancˇkauskaite˙ A, Staniulis J,
Kaupinis A, Ger M, Valius M, Meškys R. 2013. Klebsiella phage vB_KleM-
RaK2—a giant singleton virus of the family Myoviridae. PLoS One
8:e60717. https://doi.org/10.1371/journal.pone.0060717.
9. Boraston AB, Ficko-Blean E, Healey M. 2007. Carbohydrate recognition by
a large sialidase toxin from Clostridium perfringens. Biochemistry 46:
11352–11360. https://doi.org/10.1021/bi701317g.
Casey et al.
Volume 5 Issue 23 e00211-17 genomea.asm.org 2
 o
n
 O
ctober 3, 2017 by IRIS
http://genom
ea.asm
.org/
D
ow
nloaded from
 
